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Quantitative magnetic resonance imaging (MRI) quantifies multiple factors utilizing tissue-

specific physical units. These quantitative metrics are sensitive to physiological tissue 

changes and pathologies. In recent years, demand for non-contrast quantitative MRI has 

grown, such as intravoxel incoherent motion combined with diffusion kurtosis imaging 

(IVIM-DKI). IVIM-DKI is a diffusion-weighted imaging technique that uses low-to-high 

diffusion sensitizing gradient strengths  (b-value). IVIM-DKI doesn't require contrast 

agents, ensuring application safety to a wide variety of patients and reducing MRI costs. 

Although IVIM-DKI is beneficial for clinical studies, it has not yet been widely used in 

routine clinical practices because of a few technical problems: (i) the signal-to-noise ratio 

(SNR) of the IVIM-DKI signal is poor, (ii) piecewise simultaneous fitting of parameters 

result in noisy and unreliable parameter maps, (iii) the diagnostic utility of IVIM-DKI in a 

various clinical setting at different MRI field strength has not been proven, and (iv) the 

absence of a standardized protocol for organ-specific imaging leads to prolonged scan times. 

Thus, this thesis aims to address some of these challenges by proposing novel strategies for 

improving IVIM-DKI parametric map estimation using parametric reconstruction method 

validation of the novel model at different MRI field strengths and optimization of b-values 

for protocol standardization, which can promote the role of IVIM-DKI in the improved 

quantitative lesion characterization technique in cancer applications.
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The first objective was to develop a novel strategy to improve the parameter estimation of 

IVIM-DKI for producing high-quality parametric maps. To implement this objective, the 

total three-dimensional total variation (TV) penalty function was utilized in conjunction 

with non-linear lease square optimization (NLLS) of the IVIM-DKI model (IDTV model). 

TV is an image-based reconstruction approach that corrects for NLLS error and adaptively 

removes any abrupt changes in the map while preserving the edges. Two models were 

implemented for the estimation of diffusion coefficient (D), perfusion coefficient (D*), 

perfusion fraction (f), and kurtosis (k) using either: (1) standard model and (2) IDTV model. 

Experimental simulation results showed accurate and high-quality IVIM-DKI parameter 

maps, particularly at low signal-to-noise ratios in simulations. Additionally, TV 

regularization was resilient to changes in SNR, resulting in less error and bias in IVIM-DKI 

parameter maps. 

The second objective was to examine the clinical usefulness of IVIM-DKI analysis using 

the IDTV model in prostate mass characterization at different MRI field strengths (1.5T and 

3T). The IDTV model resulted in enhanced parameter estimation with minimal error at 1.5T 

and 3T. Furthermore, compared to the standard model at 3T, the IDTV model at 1.5T 

resulted in lower parameter estimate error and higher-quality parametric reconstruction. D, 

f, and k estimated with the IDTV model showed higher diagnostic performance than the 

standard model. Hence,  IVIM-DKI might play an essential role in prostate lesion diagnosis 

when paired with the IDTV model. 

The third objective was to assess the efficacy of IVIM-DKI analysis with the IDTV model 

and machine learning-based multi-parametric texture analysis in characterizing pancreatic 

masses. Perfusion fraction was found to out-perform the diffusion measures (ADC and D) 

in discriminating pancreatic adenocarcinoma (PDAC) from the pancreatic neuroendocrine 
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tumor (pNET). Whole-volumetric texture analysis of individual or combination IVIM-DKI 

parameters with machine learning-based classification of pancreatic masses can help with 

the non-invasive characterization of pancreatic lesions.

The fourth objective was to optimize the b-value for IVIM and IVIM-DKI analyses by 

combining different b-values. IVIM and IVIM-DKI signals were modeled utilizing the 

IVIM model with the TV method (BE+TV model) and the IDTV model, respectively. The 

experimental findings of simulation and clinical data demonstrated that the BE+TV and 

IDTV models were resistant to b-value combinations. Furthermore, both models were robust 

to any number and combination of b-values, and they improved the quality of all parametric 

maps at low SNR. The BE+TV approach significantly enhanced the quality of D and f maps. 

The IDTV model, on the other hand, improved the quality of D, f, and k maps. The 

acquisition of IVIM and IVIM-DKI with optimal 8 b-values may be employed for faster 

acquisition times and high-quality parameter maps with comparable accuracy as 13b-values 

using the standard model with less acquisition time.

Finally, this thesis concluded by using an IVIM-DKI model with an optimized b-value for 

diagnosing malignant lymph nodes compared to fluorodeoxyglucose-positron emission 

tomography with computed tomography (FDG-PET/CT) imaging. The preliminary findings 

revealed that the IDTV model outperformed PET imaging in identifying benign and 

malignant lymph nodes in lymphoma and further classifying lymphoma subtypes. In 

diagnosing malignant lymph nodes, IVIM-DKI parameters showed higher diagnostic 

performance than ADC and PET parameters. IVIM-DKI can potentially be used for lymph 

node evaluation in lymphoma and is comparable to PET imaging.
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Figure 1.1: Thesis summary of implementation of IVIM-DKI model with total variation 

minimization method in various cancer applications.

Figure 1.2: Clinical data information of patients suffering from prostate cancer, (a) 

Gleason grade and (b) Prostate Imaging Reporting & Data System score.

Figure 1.3: Clinical data information of patients suffering from pancreatic 

adenocarcinoma (PDAC), pancreatic neuroendocrine tumor (pNET), mass-forming 

chronic pancreatitis (MFCP), and solid papillary epithelial neoplasm (SPEN).

Figure 1.4: Clinical data information of patients suffering from Hodgkin lymphoma (HL) 

and non-Hodgkin lymphoma (NHL).

Figure 2.1: The alignment of the spinning nucleus with or against an external magnetic 

field depends on where it is positioned. A lesser energy is seen in parallelly aligned nuclei 

compared to anti parallel oriented nuclei. Inspired from ref: [21].

Figure 2.2: MRI principle where (a) the protons' spins are randomly oriented, but when 

exposed to a strong magnetic field B0 (Z) that is always on, (b) they become aligned. (c) 

The spins from the alignment are flipped using a radiofrequency pulse. (d) When the 

radiofrequency is removed, the spins return to equilibrium. Inspired from ref: [21].

Figure 2.3: Simulated T1 and T2 relaxation curves in  3T MRI, T1 and T2 relaxation 

curves were simulated for a prostate cancer.

Figure 2.4: When the transverse magnetization is reduced to zero, the RF coil signal 

oscillates sinusoidal, returning the net magnetization to equilibrium. This is a free 

induction decay simulation (FID).

Figure 2.5: A variable to denote spatial frequency is k. Therefore, 2D-space in which 

Fourier transform operation is defined, is called k-space, with its space variables, kx and 

ky. Inspired from ref: [21]

Figure 2.6: Sequence of spin echo pulses. Inspired from ref. [23].

Figure 2.7: For spoiled gradient echo (SPGR) sequence, the gradient spoiling crushing 

gradients and varying RF-carrier phase are represented in blue. Inspired from ref. [23]

Figure 2.8: The flow of water molecules throughout tissues of varied cellularity, (a) free 

diffusion, (b) hindered diffusion, (c) restricted diffusion, and (d) Diffusion signal 

attenuation based on diffusion based on in vivo environment.
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Figure 2.9: Pulse sequence for diffusion-weighted imaging. Inspired from ref. [23].

Figure 2.10: Illustration of a standard ADC fitting procedure using a monoexponential 

model with three diffusion-weighted images at b=0 s/mm2, b=500 s/mm2, and 

b=1000s/mm2.

Figure 2.11: Illustration of a standard IVIM fitting procedure using a biexponential model 

with 10 diffusion-weighted images at b=0 - 1000s/mm2.

Figure 2.12: Illustration of a standard IVIM fitting procedure using an IVIM-DKI model 

with 14 diffusion-weighted images at b=0 - 2000s/mm2.

Figure 2.13: Relative signal intensity variations for DWI signal using the IVIM-DKI 

model with varying parameters. 

Figure 2.14: A representative image of patient with pancreatic ductal adenocarcinomas 

(PDAC); where qualitative comparison between parameter maps (D, D*, and f maps) 

calculated using biexponential (BE) and biexponential with TV (BE+TV) models.

Figure 2.15: Zones of prostate gland. Inspired from ref [64]

Figure 2.16: Multi-parametric comparison of prostate cancer appearance on (a) T2-

weighted (hypointense), (b) high b-value DWI (hyperintense), and (c) ADC (hypointense) 

pointed by arrow (blue).

Figure 2.17: Anatomy of pancreas. Inspired from ref [75]

Figure 2.18: Neuroendocrine tumor is (a) hyperintense in T2-weighted, high b-value DWI 

(b), hyperintense mass with ADC showing restricted diffusion coefficient (c).

Figure 2.19: Schematics of lymphatic system across the body. (a) A network of lymphatic 

vessels and (b) Afferent lymph. Inspired from ref [83]

Figure 2.20: A representative images showing maximum-intensity projection (MIP) of 

PET images and CT images used for primary tumor localization in lymphoma. (a-b) MIP 

and CT image of a 31 year old male patient with Diffuse large B-cell lymphoma (DLBCL) 

at stage IV and primary tumor being in anterior chest wall (orange arrow). (c-d) MIP and 

CT image of a 26 year old male patient with follicular lymphoma at stage IV and primary 

tumor being in rectosigmoid bowel loop (orange arrow). (e-f) MIP and CT image of a 28 

year old female patient with Classical Hodgkin lymphoma, Nodular Sclerosis type at stage 

IV and primary tumor being in left cervical node (orange arrow).

Figure 2.21: Workflow for the classification of benign and malignant prostate lesions 

using texture analysis and machine learning.
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Figure 3.1: Flow chart describing the total variation minimization of IVIM-DKI 

parametric maps using IDTV model.

Figure 3.2: Representation of digital phantom of the kurtosis (k) map used in Simulation 

IV.

Figure 3.3: IVIM-DKI parametric maps (a) D map, (b) D* map, (c) f map, and (d) k map 

estimated by standard and IDTV models using 13 b-value combination. 1st row represents 

the reference map of each parameter. Succeeding rows represent the results at different 

SNRs: 15, 20, 25, 30, 40, and 50.

Figure 3.4: Error estimation of D, D*, f, and k using (a) RRMSE, (b) RB, and (c) SSIM 

of standard and IDTV models

Figure 3.5: Parameter-wise comparison between reference and estimated parameters (a) 

D, (b) D*, (c) f, and (d) k maps estimated using standard and IDTV models using different 

SNR 15, 20, 25, 30, 40, and 50

Figure 4.1: ROI localization of tumor (black circle), healthy PZ (red circle) and BPH (blue 

circle) using IVIM-DKI at (a) b=2000 s/mm2, (b) ADC map, and (c) b=0 s/mm2 for one 

representative patient (65 years old) having prostate cancer with Gleason score of 7 (4+3) 

acquired at 1.5T.

Figure 4.2: Box-whisker plot showing comparison between IDTV model (yellow), and 

standard model (red) estimated parameters (b) D, (c) D*, (d) f and (e) k for healthy PZ, 

tumor, and BPH ROI using IVIM-DKI image and (a) ADC for 1.5T and 3T data.

Figure 4.3: Box-whisker plot showing CVcomb for (a) healthy PZ, (b) tumor, and (c) 

BPH obtained from standard (red) and IDTV (yellow) model using IVIM-DKI image 

from 1.5T and 3T.

Figure 4.4: Fitting of mean DWI signal at b-values 0 to 2000 s/mm2 using standard and 

IDTV models at (a-c) 1.5T and (d-f) 3T in (a,d) healthy PZ, (b,e) tumor, and (c,f) BPH 

ROI.

Figure 4.5: Coefficient of Variation (CV  (%)) of D, D*, f, and k in healthy PZ, tumor and 

BPH obtained from IVIM-DKI parameter estimation using IDTV model at 1.5T and 

standard model at 3T.

Figure 4.6 IVIM-DKI parameter maps of representative patients ((a) male, 61 years and 

(b) male, 60 years) with PIRADS 4 lesion encircled by black circle. Tumor appearing 

hypointense on D and f map and hyperintense on D* and k map obtained from standard 

and IDTV models at (a) 1.5T and (b) 3T. 
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Figure 4.7 Box-whisker plot of ADC and IVIM-DKI parameters (D, D*, f, k) in healthy 

PZ, tumor and BPH obtained using (a) IDTV model at 1.5T and (b) standard model at 3T.

Figure 5.1: Representation of ROI localization in 27 years old female patient with 

pancreatic mass (blue line highlighting the region of SPEN mass) as viewed on IVIM-

DKI image at b = 0 s/mm2.

Figure 5.2: Coefficient of Variation (CV  (%)) of D, D*, f, and k in healthy PZ, tumor and 

BPH obtained from IVIM-DKI parameter estimation using IDTV model at 1.5T

Figure 5.3: A representative of a 72 year old male patient with PDAC; demonstrating 

qualitative comparison between parameter maps estimated using standard (d, f, h, and j) 

and IDTV model (e, g, i, k). The encircled zone (white) represents the tumor-affected

region and (c) curve fitting the mean of IVIM-DKI signal decay for tumor region. 

Figure 5.4: A representative image of a 28 year old female patient with solid papillary 

epithelial neoplasm (SPEN); where qualitative comparison between parameter maps (D,

D*, f and k maps) estimated using standard and IDTV model. The encircled zone (white) 

represents the tumor-affected region.

Figure 5.5: A representative image of a 63 year old male patient with mass-forming 

chronic pancreatitis (MFCP); where qualitative comparison between parameter maps (D, 

D*, f and k maps) estimated using standard and IDTV models. The encircled zone (white) 

represents the tumor-affected region.

Figure 5.6: A representative image of a 43 year old male patient with pancreatic 

neuroendocrine tumor (pNET); where qualitative comparison between parameter maps 

(D, D*, f and k maps) estimated using standard and IDTV models. The encircled zone 

(white) represents the tumor-affected region.

Figure 5.7: Box- distribution of ADC and IVIM-DKI parameters 

estimated using IDTV model in PDAC, MFCP, SPEN, and pNET.

Figure 5.8: Flow chart representing machine learning-based classification of pancreatic 

masses using texture features of ADC and IVIM-DKI parameters.

Figure 6.1: Two-dimensional digital phantom with varying parameter map of f (matrix-

size:64x64), consisting of concentric circles; f varied from 0.03 in center to 0.43 

periphery, as indicated. 

Figure 6.2: Prostate cancer PIRADS 4 lesion in left transitional zone (Tz) appearing 

hyperintense on high b-value IVIM image and hypointense on corresponding ADC map. 
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Example ROIs, corresponding to tumor (black), and healthy tissue drawn on transition 

zone (blue) and peripheral zone (red).

Figure 6.3: Estimated parameter maps using various combinations of b-values using BE 

and BE+TV for Simulation 1, 2 and 3. D, D* and f maps are the reference maps.

Figure 6.4: Bar plots showing RRMSE of simulated D map, D* map and f map generated 

using different combinations of b-values.

Figure 6.5: A representative patient with prostate cancer PIRADS 4 lesion (Black circle) 

in left transitional zone (Tz) and parametric maps (D, D*, f) using BE+TV model using 4 

b-values1, 8 bvalues1, 13 b-values.

Figure 6.6: Correlation and Bland-Altman plots of parameter generated from BE+TV 

using 8 b-values1 and 13 b-values in Tumor, transition zone and peripheral zone.

Figure 6.7: Coefficient of variation (CV) of IVIM parameters, (a) D map, (b) D* map and 

(c) f map generated from BE (blue) and BE+TV (orange) using 4, 8 and 13 b-values.

Figure 6.8: Parametric maps (a) D map, (b) D* map, (c) f map, and (d) k map estimated 

by standard and IDTV model using different b-value combination sets at SNR 20. 1st row 

represents reference map of each parameter. Succeeding rows represent the results of 

different b-value combinations.

Figure 6.9: Parameter-wise RRMSE of (a) D, (b) D*, (c) f, and (d) k estimated using 

standard and IDTV model at different b-values combinations and SNR 20. 

Figure 6.10: Mean SSIM index of (a) D, (b) D*, (c) f, and (d) k estimated using standard 

and IDTV model at different b-values combinations and all SNR. 

Figure 6.11: Total parameter error in percentage of standard and IDTV model using 

different b-values combinations at SNR (a)15, (b) 20, (c) 30, and (d) 50. 

Figure 6.12: Parameter-wise comparison between reference and estimated parameters by 

using standard and IDTV models and different b-values combinations at (a) SNR20, (b) 

SNR30, and (c) SNR50.

Figure 6.13: Coefficient of variation (CV) of (a,e) D, (b,f) D*, (c,g) f, and (d,h) k 

estimated using standard (blue) and IDTV (red) model and 6,8,10, and 13b-values1 in (a-

d) tumor and (e-h) normal parenchyma ROI. 

Figure 6.14: Mean differences between (a,f,k,p) ADC, (b,g,l,q) D, (c,h,m,r) D*, (d,i,n,s) 

f, and (e,j,o,t) k parameters estimated using standard and IDTV model and (a-e) 6b-

values1, (f-j) 8b-values1, (k-o)  10b-values1, and (p-t) 13b-values1 in tumor (blue) and 
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normal parenchyma (red) ROI. (l) D, (m) D*, and (d,i,n,s) f parameters estimated using 

IDTV model. 

Figure 7.1: Schematics of multimodality registration between IVIM-DKI and PET 

images.

Figure 7.2: Representative images of (a-d) of 32 year old male patient suffering from 

Diffuse large B-cell lymphoma (DLBCL) at stage IV, (e-h) 45 year old male patient 

suffering from follicular lymphoma at stage III, and (i-l) 28 year old female patient 

suffering from classical Hodgkin lymphoma (HL), (a,e,i) IVIM-DKI at 2000 s/mm2,

(b,f,j) SUV map, (c,g,k) STIR image, and (d,h,l) images showing fusion between SUV 

and STIR images.

Figure 7.3: Representative images of 32 year old male patient suffering from Diffuse large 

B-cell lymphoma (DLBCL) at stage IV showing (a) IVIM-DKI at 2000 s/mm2, (b) SUV 

map,  (c) STIR images, and (d) ADC map. (e) D, (f, j) D*, (g, k) f, and (h, l) k maps. 

Figure 7.4: Boxplot showing comparison between ADC and IVIM-DKI parameters 

quantified from IDTV model in benign and malignant lymph node.

Figure 7.5: Boxplot showing comparison between ADC and SUV parameters and IVIM-

DKI parameters quantified from IDTV model in Hodgkin lymphoma (HL) and non-

Hodgkin lymphoma (NHL).

Figure 7.6: Correlation plots showing correlation between ADC and IVIM-DKI 

parameters, SUVmax with SUVmean of the patients with lymphoma.

Appendix I figure 1: Overview of open access IVIM-DKI with TV analysis toolbox (v1.4) 

implementing IDTV model. (a) Input Data and Analysis, (b) Calculate ROI statistics and 

Save the results in excel format, and (c) Output tab

Appendix II figure 1: Parametric maps (a) D map, (b) D* map, (c) f map, and (d) k map 

estimated by standard and IDTV model using b-value combination3 and 4 sets at SNR 

20. 1st row represents reference map of each parameter. Succeeding rows represent the 

results of different b-value combinations.

Appendix II figure 2: Parametric maps D map estimated by standard and IDTV model 

using (a-d) b-value combination1 and 2 and (e-h) b-value combination3 and 4 at SNR 

(a,e) 15, (b,f) 25, (c,g) 30, (d,h) 50. 1st row represents reference map of each parameter. 

Succeeding rows represent the results of different b-value combinations.
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Appendix II figure 3: Parametric maps D* map estimated by standard and IDTV model 

using (a-d) b-value combination1 and 2 and (e-h) b-value combination3 and 4 at SNR 

(a,e) 15, (b,f) 25, (c,g) 30, (d,h) 50. 1st row represents reference map of each parameter. 

Succeeding rows represent the results of different b-value combinations.

Appendix II figure 4: Parametric maps f map estimated by standard and IDTV model 

using (a-d) b-value combination1 and 2 and (e-h) b-value combination3 and 4 at SNR 

(a,e) 15, (b,f) 25, (c,g) 30, (d,h) 50. 1st row represents reference map of each parameter. 

Succeeding rows represent the results of different b-value combinations.

Appendix II figure 5: Parametric maps k map estimated by standard and IDTV model 

using (a-d) b-value combination1 and 2 and (e-h) b-value combination3 and 4 at SNR 

(a,e) 15, (b,f) 25, (c,g) 30, (d,h) 50. 1st row represents reference map of each parameter. 

Succeeding rows represent the results of different b-value combinations.

Appendix II figure 6: Parameter-wise RRMSE (a) D, (b) D*, (c) f, and (d) k estimated 

using standard and IDTV model at different b-values combinations and SNR 15.

Appendix II figure 7: Parameter-wise RRMSE (a) D, (b) D*, (c) f, and (d) k estimated 

using standard and IDTV model at different b-values combinations and SNR 25.

Appendix II figure 8: Parameter-wise RRMSE (a) D, (b) D*, (c) f, and (d) k estimated 

using standard and IDTV model at different b-values combinations and SNR 30.

Appendix II figure 9: Parameter-wise RRMSE (a) D, (b) D*, (c) f, and (d) k estimated 

using standard and IDTV model at different b-values combinations and SNR 40.

Appendix II figure 10: Parameter-wise RRMSE (a) D, (b) D*, (c) f, and (d) k estimated 

using standard and IDTV model at different b-values combinations and SNR 50.

Appendix II figure 11: Error while estimating (a) D, (b) D*, (c) f, and (d) k parameters 

using IDTV model at different SNRs and b-values combination1. IDTV model error 

linearly decreases with increase in SNR and numbers of b-values.

Appendix II figure 12: Parameter-wise comparison between reference and estimated 

parameters by standard and IDTV models using different b-value combinations at (a) 

SNR15, (b) SNR25, and (c) SNR40.
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Table 4.1: Diagnostic performance of IVIM-DKI parameters obtained from IDTV model 

at 1.5T and standard model at 3T in PCa detection

Table 5.1: Comparison between mean of DWI and IVIM-DKI parameters quantified 

using new approach in pancreatic masses 

Table 5.2: P-values obtained from Tukey-Kramer Multiple comparison test between ADC 

and IVIM-DKI parameters values estimated using IDTV model in pancreatic masses

Table 5.3: ROC analysis of characterizing pancreatic masses using ADC and IVIM-DKI 

parameters quantified using IDTV model

Table 5.4: Texture features extracted from Global, GLCM, GLRLM, and NGTDM

Table 5.5: Machine learning-based classification performance of all texture features (30 

features) and top ten features selected from ADC, combined and individual IVIM-DKI 

parameters, and ADC combined with IVIM-DKI parameters to classify pNET from non-

pNET pancreatic masses.

Table 6.1: Different number and combinations of b-values used in simulations

Table 6.2: ADC, D, D*, and f (mean±SD) values for Tumor, transition zone and 

peripheral zone in prostate using different combinations of b-values.

Table 6.3: Different numbers and combinations of b-values were used to estimate IVIM-

DKI parameters. 6 to 10 b-values and 4 different combinations for each set were used and 

13b-values1 combination was used as standard b-values combination.

Table 6.4: Mean±SD of ADC, D, D*, F, K parameters estimated using standard and IDTV 

model and different combinations of b-values such as 6,8,10,13b-values in tumor and 

normal parenchyma ROI 

Table 7.1: Quantitative comparison between mean of ADC and IVIM-DKI parameters in 

benign and malignant lymph node. 

Table 7.2: Characterizing of ADC and IVIM-DKI parameters estimated using IDTV 

model in benign and malignant lymph nodes in the lymphoma using ROC analysis

Table 7.3: Quantitative comparison between mean of ADC, IVIM-DKI, and SUV 

parameters in NHL and HL. 

Table 7.4: Characterizing of ADC, PET and IVIM-DKI parameters estimated using IDTV 

model in HL and NHL using ROC analysis
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Diffusion-weighted imaging 

Prostate cancer

Transrectal ultrasonography 

Magnetic resonance imaging

Computed tomography 

Fluorodeoxyglucose-Positron emission tomography/CT

Apparent diffusion coefficient

Intra-voxel incoherent motion 

Monoexponential

Biexponential

Diffusion kurtosis imaging 

IVIM combined with DKI 

Signal-to-noise ratio 

Two-dimensional

Total variation

BE model with TV method

Three-dimensional

Benign prostatic hyperplasia 

All India Institute of Medical Sciences 

Echo planar imaging 

Prostate Imaging Reporting & Data System 

Spin Echo 
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Time of echo

Steady-state free precession 

Fat-supressed

Turbo SE

Magnetic resonance cholangiopancreatography

Half-Fourier Acquisition Single-shot Turbo spin Echo imaging

Spin echo-echo planar imaging 
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Spectral presaturation with inversion recovery

Mass-forming chronic pancreatitis

Solid papillary epithelial neoplasm

Pancreatic adenocarcinoma

Pancreatic neuroendocrine tumor

Fine-needle aspiration cytology

Nuclear magnetic resonance 

Radiofrequency

One-dimensional 

Gradient echo 

Fast spin echo

Pulsed gradient spin echo

Apparent diffusion coefficient

Distributed diffusion coefficient

Microcirculatory perfusion

Diffusion coefficient

Pseudo-diffusion coefficient

Perfusion fraction

Kurtosis

Coefficient of variation 

Within-subject CV

Relative root means square error

Relative bias

Standard deviation

Peripheral zone

Transition zone

Anterior fibromuscular stroma

Dynamic contrast-enhanced

Multiparametric-MRI

Biparametric-MRI

Area under curve

Receiver-operating-characteristics

Gleason score
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Autoimmune pancreatitis

Hodgkin lymphoma 

Non-Hodgkin lymphoma 

Maximum intensity projection

Diffuse large B-cell lymphoma 

Mucosa-associated lymphoid tissue

Chronic lymphocytic leukemia/small lymphocytic lymphoma 

Head and neck squamous cell carcinomas 

Neo-adjuvant chemotherapy

Nasopharyngeal carcinoma 

Minimum Redundancy Maximum Relevance Algorithm

Least absolute shrinkage and selection operator

Gray-level co-occurrence matrix 

Neighbourhood gray-tone difference matrix

Gray-level run length matrix 

IVIM-DKI model with TV method

Structural similarity index

Combined CV 

Analysis of variance

Artificial neural network
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